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Hydraulic Annular Washing Column, and Process for 
Separating Solids From a Suspension 

Related Applications 

This is a Continuation of international application no. PCT/NL02/00598, filed 19 
September 2002, which designated the U.S., published in English as WO 03/024562 on 27 
March 2003, and whose contents are incorporated by reference. 

Field of the Invention 

The invention is directed to a hydraulic washing column for separating solids 
from suspensions. 

Background of the Invention 

Separating solids from suspensions, optionally combined with washing of the 
solids in hydraulic washing columns is a well known technique for concentration of food 
products (coffee extract, juices), for recovering crystals in pure form from suspensions, for 
desalination of sea water, and the like. 

An apparatus for concentrating a suspension is known from U.S. Pat. No. 
2,854,494. This patent describes a crystal wash column in which in a cylindrical room a 
crystal suspension is concentrated by directing this suspension along a section of the 
cylindrical wall which contains one or more filters. At least a substantial portion of the liquid 
in the suspension is removed through these filters. The crystals substantially rid of liquid, thus 
in a concentrated suspension, are transferred along the filters and removed by a way different 
from that of the liquid. In this known apparatus the liquid and the crystals of the suspension to 
be treated initially move in the same direction. Via the filters mounted in the wall, however, 
the greater part of the liquid is removed sideways, while the crystals continue to move in the 
same direction. 

A disadvantage of this hydraulic washing column resides therein, that it is very 
difficult to develop a column based on this principle suitable for large scale commercial 
operation. More in particular, with column sizes of over about 75 cm diameter, problems may 
occur with respect to pressure build-up and homogeneity of the wash/separation front, 
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depending, among others, on the nature of the solid material and/or the particle size and shape 
thereof. 

More in particular in the neighbourhood of the filter a densely packed crystal bed 
is formed, on which a big force has to be exercised for its transfer due to the fact that the 
5 friction between such a packed bed and the wall of the column can become very considerable 
with larger column diameters, due to the increasing radial pressure gradient. In other words, 
the ratio between friction forces and transport forces increases. This big force exercised on 
the concentrated suspension involves the compression of the packed bed, which can result in 
deforming or damaging the crystals. The consequence thereof is a further increase in pressure 

10 drop and a decrease in throughput capacity of the column. Further an increased energy 
consumption may be the consequence too. 

A further disadvantage of this known apparatus is that a homogeneous flow of 
washing liquid through the crystal bed becomes more difficult with increasing column 
diameter. Since the filters are located in the column wall in the neighbourhood of the filters 

1 5 there is not an evenly distributed axial liquid flow, but an increased radial liquid flow directed 
towards the filter. This disturbing effect of the filters mounted in the wall on the liquid flow 
in the crystal bed increases with a larger column diameter and results in an uneven profile of 
the washing front. 

In US patent No. 4,735,781 a further development of this known column is 
20 described, which development consists of the provision of a number of filter tubes inside the 
treatment zone. 

In a column of the type described in US 4,735,781 extrapolation of the literature 
data shows, that typically about 300 tubes of 2 cm would be required for a 1 10 cm diameter 
column. 

25 It is well known, that the presence of tubes in a packed bed of solids leads to a 

disturbance thereof. As a result, bridge formation and channelling can occur in the bed. Also 
the increased wall surface area leads to increased friction forces, as discussed above. 

Further problems encountered with this construction are that a homogeneous 
distribution of the slurry over the entire cross-section of the column is difficult, leading to that 

30 it is difficult to create a homogeneous bed, and that is it difficult to perform an accurate 
measurement of the bed height. 
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Finally it is to be noted the tubes require very narrow dimensional tolerance and 
precise positioning, which aspects, together with the increased amounts of materials, make 
the column more expensive to construct. 

Quite likely those are the reasons that up to now this column has never been 
5 demonstrated successfully on an industrial scale. 

Summary of the invention 

The object of the invention is to provide an apparatus for the concentration of a 

suspension of solids in a liquid which apparatus does not have the disadvantages mentioned 
10 above, or at least only in a substantially reduced measure. In the context of the present 

invention the terms solids, crystals and particles are used to indicate the same, unless 

indicated differently. 

The invention is based on the insight, that by providing a centrally located inner 

cylinder provided with at least one filter in the wall of said cylinder, in combination with at 
15 least one filter in the wall of the outer column, it has been found possible to optimise the 

distance that the liquid has to travel to reach the filters, while at the same time preventing or 

at least reducing the problems inherent to the known columns. 

Accordingly the invention is directed to a hydraulic annular washing column for 

continuously separating solids from a suspension comprising: 
20 a hollow cylindrical column having a central axis therethrough, said column 

having an interior with a cross-section, perpendicular to said axis, that is constant along said 

axis, and that extends from a first end to a second end of the said column, 

one central cylinder axially disposed in said column and extending from said one 

end toward said opposite end, said central cylinder having an outer wall of constant diameter, 
25 said cylindrical column and said central cylinder defining an annular zone 

between them, extending axially from said first end of the column to at least near said second 

end of the column; 

at least one filter in said outer wall of the said central cylinder, forming the only 
direct communication between the said annular zone and the interior of the cylinder and at 
30 least one filter in the outer wall of said hollow cylindrical column; 

means for supplying a suspension to said first end of the column; 

means for removing suspension at said second end of the column; 

said annular zone defining a concentration zone and optionally a washing zone; 
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means communicating with the interior of said central cylinder for removing 

liquid passed through said filter in said outer wall of the said central cylinder and 

means for removing liquid passed through filter in the outer wall of said hollow 

cylindrical column; 

5 hydraulic means, continuously acting on the suspension for urging the liquid 

through said annular zone towards said filters and for forming a packed bed of solids moving 
continuously in axial direction towards said second end. 

The location of the filters in the wall of the central cylinder and the wall of the 
outer column can be varied to obtain an optimal function of the column. More in particular it 

10 is possible to use one filter in the central cylinder and the outer wall, but it also possible to 
have more filters in the outer wall and/or in the central cylinder. The height of the filters can 
also be different in the central cylinder and the outer wall. It is not necessary to have the 
filters on the same location in respect to the length of the column. All these aspects may be 
used to obtain a homogeneous packed bed and/or a homogeneous wash front. These can also 

15 be used to reduce the friction in the bed and/or to balance the friction between the bed and the 
central cylinder on the one hand and between the bed and the outer wall on the other hand. 
Another aspect of the operation of the column that can be used to obtain an optimal operation, 
is the withdrawal of the filtrate. By varying the withdrawal rate through the various filters (i.e. 
by control valves in the lines) it is possible to influence the pressure profile in the packed bed 

20 near the filters. More in particular by the possibility to control the liquid flow through the 
filters in the central cylinder and in the outer wall independently from each other, it is 
possible to control the radial pressure gradient and thereby to create an optimal packed bed in 
terms of homogeneity of the bed near the filters. Also the homogeneity of the wash front 
downstream of the filters can be controlled by this feature. The control of the liquid flow can 

25 be done using known means such as valves or restricting orifices. 

In case multiple filters are present in a wall at different locations along the length 
of the column, it can be advantageous to control the flow through each filter independently. In 
such a case the highest filters can be used to create the bed. 

With these measures, of course combined with a careful dimensional construction 

30 of the annular treatment zone, on the one hand a uniform removal of the liquid over the whole 
cross section of the zone is obtained, and on the other hand, also by the applied force on the 
suspension, an acceptable friction between the packed crystal bed and the filters and the walls 
of the inner cylinder and the outer column is obtained. Further, a homogeneous build-up of 
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the bed is facilitated and a very homogeneous flow is obtained, resulting in a uniform/even 
wash front. 

According to a preferred embodiment of the invention, the ratio of the inner 
diameter of the column to the outer diameter of the cylinder is between 1 .5 and 4. It is 
5 preferred to use a column having an inner diameter of at least 30 cm, whereas the upper value 
may be up to 450 cm. 

In terms of operability, the wall to wall distance in the annular zone is an 
important consideration. This distance is preferably between 20 and 150 cm. At values lower 
than 20 cm, the advantages over the column according to US Patent No. 2,854,494 become 
10 rather small, whereas at values over 120 cm, problems with uniformity and pressure build-up 
may occur. 

By careful selection of the size of the column, and the wall to wall distance of the 
annular zone, an annular hydraulic washing column can be constructed with a very good 
performance at high throughput at industrial scale, a feature which was not possible to obtain 

1 5 until the present invention. 

As no excessively big forces need to be exercised on the bed of solids (crystal 
bed) in the device according to the invention, the crystal bed can be transferred exclusively by 
the presence of the passing liquid and the gravity. No separate mechanical means are used, 
contrary to the column disclosed in US-A 3,3 19,437. In the column of this document the 

20 transport is obtained by the action of a piston, resulting in a discontinuous transport of the bed 
and discontinuous removal of washing liquid and product. 

The use of continuous hydraulic transport of the bed diminishes a.o. deformation 
and damage of the crystals in the bed. The porosity of the crystal bed decreases in the 
direction of the filters and consequently also the force exercised by the liquid in axial 

25 direction of the bed. This force must be bigger than the opposing forces, mainly the friction 
and the back pressure of the wash liquid, if used. The force on the crystal bed is determined 
by the pressure drop of the liquid over the bed between the inlet of the suspension and the 
liquid removal through the filters. The pressure drop can be increased by extending the length 
of the bed or by increasing the flow rate of the liquid. If the suspension to be treated contains 

30 too little liquid to cause the desired pressure drop through the liquid on the crystal bed, a 
portion of the liquid passed through the filters can be recycled, as a result of which the 
pressure drop over the bed increases. In fact, this boils down to a decrease of the particle 
density of the suspension to be concentrated at the beginning of the concentration zone. 
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The treated (concentrated) suspension which has moved along the filters can be 
removed by resuspending and/or dissolving the solids, using mechanical or physical means. 
The mechanical means include a scraper, transport screw or other means, whereas the 
physical means may comprise turbulence (high pressure jets and the like), thermal treatment 
5 (melting zone) and the like. 

The suspension concentrated in the apparatus according to the invention, which 
suspension has been treated in this apparatus with a liquid in co-current can then be treated in 
a washing zone in counter-current with another liquid. This washing zone can form a unit 
with the apparatus according to the invention described above, and be mounted between the 
10 filters of the concentration zone and the means for the removal of the concentrated 

suspension. In the washing zone the concentrated suspension is transferred in the same 
direction in which it moved in the concentration zone, while at the end of the washing zone, 
averted from the concentrated zone, a washing liquid is supplied which moves in counter- 
current through the concentrated suspension. The washed concentrated suspension is 
1 5 preferably transported to a rinsing chamber where the concentrated and washed solid particles 
are again suspended in a liquid phase which is at the same time used as a washing liquid. 

The liquid flow in the Hydraulic Annular Wash Column of the invention can be 
upwards or downwards. The choice herein depends on all aspects of the process, including 
but not limited to the nature of the liquid and solid material, the type of treatment, size and 
20 capacity of the column and the kind of method for breaking up the packed bed of solids. 

In a further embodiment of the invention it can be contemplated to use the inside 
of the central cylinder to accommodate a further hydraulic washing column, either of 
conventional construction or in accordance with the present invention. 

When the apparatus according to the invention is used for the separation of a 
25 mixture of substances by means of crystallization, a crystallizer is-seen in the direction in 
which the crystals move-positioned before the concentration zone, in which crystallizer the 
mixture to be separated, which is liquid in normal conditions, is partly crystallized, thus 
forming the crystal suspension which is supplied to the concentration zone. If the mixture of 
substances to be separated is solid in normal conditions, the crystal suspension can be 
30 prepared by partly melting this mixture. 

The apparatus can be provided with means for a controlled dosage of washing 
liquid. The control signal is obtained by measuring the temperature, concentration etc in the 
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washing zone or in the rinsing chamber. The dosage of the washing liquid can be controlled 
by adjusting the pressure of washing liquid in the rinsing chamber. 

The location of the packed bed in the column can be determined by temperature 
measurements along the length of the column. 
5 In the case of crystallization from a solvent whereby the crystals are separated out 

as a solid product, a saturated solution of pure product in a solvent can be used as washing 
liquid. It is then advantageous to adjust the washing liquid supply in such a way that a small 
flow rate of washing liquid flows through the entire washing zone and is removed through the 
filters. 

10 If crystallization takes place from a melt, a so-called washing front occurs in the 

washing zone, i.e. the place where the temperature and the concentration gradients are 
maximal. The washing liquid supply is preferably controlled in such a way that this washing 
front is located in the washing zone between the filters and the device for removal of the 
concentrated suspension, preferably about halfway. 

1 5 Should the washing front be located at or in the neighbourhood of the filters, 

these could get clogged up by crystal growth. 

Further, a device can be mounted-seen in the direction of the movement of the 
crystals-after the washing zone, in which device the crystals or the crystal suspension 
removed from the washing zone, are molten and part of the melt is recycled as washing liquid 

20 to the washing zone. 

Although the presence of a washing zone is preferred, it is important to note that 
certain applications of the invention do not require the presence of a washing step. 

The invention is not only directed to the hydraulic annular washing column 
(HAWC), but also to the use thereof for treating suspensions, more in particular for 

25 concentrating them. In general the column of the invention may be used for concentrating, 

washing, impregnating, leaching, extracting and separating. It is possible to treat polluted soil 
(thereby extracting pollutants), to impregnate catalyst supports, to separate particles from 
suspensions, to leach minerals and ores, and so on. 

More in particular the HAWC of the invention is suitable for concentrating by 

30 crystallisation, for example of beverages (coffee, juices), for desalination of (sea) water, for 
purification of organic materials, such as p-xylene, p-dichloro-nitrobenzene, p-dichloro- 
benzene, naphthalene and the like. 
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Brief Description of the Drawings 

The invention is now elucidated on the basis of the figures wherein: 

figure 1 shows a vertical cross-section of a column in accordance with the invention; 

and 

5 figure 2 gives a horizontal cross-section, along line A-A in figure 1 . 

These figures are not intended to limit the scope of the invention. 

Detailed Description 

In figure 1, a hydraulic annular wash-column 1 is shown, having a suspension 
10 inlet 2, filtrate outlets 3 and 3', a wash liquid inlet 4, and a product slurry outlet 5. Inside 

column 1 , coaxially with the column a central cylinder 6 is positioned, which is closed at the 
lower end and is connected with the filtrate outlet 3. 

Both in the outer wall of the column 1 , and in the cylinder, filters 7 and 8 are 
present. Around the column a filtrate chamber 9 is present, provided with filtrate outlet 3\ 
15 Flow controllers 10 and 10' are present in the lines from the filtrate outlets 3 and 3 f to regulate 
the filtrate flow. 

A scraper device 12 is present at the bottom of the zone formed by the outer 
column wall 1 and the cylinder 6, which scraper 12 is driven by a scraper driver 1 1 . 

Figure 2 shows a horizontal cross-section along line A-A of figure 1, wherein the 
20 numbers have the same meaning as in figure 1 . 

When operating the column according to figure 1 , a suspension of solids is fed to 
the column 1 through inlet(s) 2. In the lower part of the annular zone formed between the wall 
1 and the cylinder 6, a packed bed forms. The liquid escapes through the filters 7 and 8, and 
from the inside of the cylinder 6 and the filter chamber 9, it flows through the outlets 3 and 3' 
25 via flow controllers 10 and 10 f to a filtrate collection (not shown). Washing liquid is 

introduced through wash liquid inlet 4. The packed bed is resuspended at the bottom of the 
said zone, by a scraper 12 and the product slurry is removed through outlet 5. 
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